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(54) CONTROLLER FOR MOTOR-DRIVEN POWER STEERING 



(57) A motor current detecting circuit (24) detects 
the current flowing to a motor (8) for generating an aux- 
iliary control force in a steering mechanism and inputs 
the detected value to a controller (10) as a motor current 
value IMS. The controller (10) calculates the difference 
between the value IMS and a target motor current value 
IMT set based on a car speed and a detected steering 
torque value. If the difference continues to be excessive 



for a fixed period of time, the controller judges the circuit 
(24) to be out of order and stops the motor control, i.e., 
the dosed loop control which uses the value IMS as a 
feedback input. Then the controller (10) switches the 
control to open loop control in which a target motor volt- 
age is determined according to the motor resistance 
and the set target motor current value IMT to be sup- 
plied to the motor (8). 
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Description 
TECHNICAL FIELD 

[0001 ] The present invention relates to a motor-driven 
power steering control system which is arranged such 
that when a fault occurs in a cunrent detecting circuit 
provided in association with an electric motor adapted 
for generating a steering assist force for a steering 
mechanism, the motor current is controlled through an 
open loop for thereby preventing an abnormal current 
from flowing through the motor. 

BACKGROUND TECHNIQUES 

[0002] Figure 26 shows a conventional motor-driven 
power steering control system disclosed, for instance, in 
Japanese Unexamined Patent Application Publication 
No. 91240/1996 {JP-A-8-91240). The conventional sys- 
tem is constituted by a torque sensor 3 for detecting a 
steering torque, an electric motor 8 for generating a 
steering assist force to a steering mechanism on the 
basis of the steering torque detection value outputted 
from the torque sensor 3, an ignition key 1 4 for perform- 
ing activating operation for the motor 8, a battery 1 1 for 
supplying a driving electric power to the motor 8 in 
response to operation of the ignition key 14, a vehicle 
speed sensor 7 for detecting a vehicle speed, and an 
electronic control circuit 13 for controlling the output 
power of the motor 8 on the basis of the steering torque 
detection value and the vehicle speed detection value. 
[0003] The electronic control circuit 13 includes a 
phase compensator 21 , a current command arithmetic 
unit 22. a comparator 23. a differential compensator 24, 
a proportional operation unit 25. an integral operation 
unit 26. an adder 27. an IG (ignition) key-on detector 31 . 
a fault detector 32, a fail-safe processor 33. a fail relay 
34, a motor driving circuit 41 and a motor current detect- 
ing circuit 42. 

[0004] In the conventional system, a motor current 
command value I is supplied to a feedback control cir- 
cuit incorporated in the electronic control circuit 13 for a 
predetermined time T when the ignition key 14 is turned 
on, allowing a motor current to flow. 
[0005] At a time point when a predetermined time TO 
(TO < T) has lapsed, a motor cun-ent detection value i 
detected by the motor current detecting circuit 42 is 
inputted to the comparator 23 constituting a part of the 
feedback control circuit. 

[0006] The fault detector 32 compares a predicted 
value Ds of duty ratio of a PWM signal as predicted on 
the basis of the motor current command value I with an 
actually measured value of the duty ratio of the PWM 
signal outputted from the adder 27 incorporated in the 
feedback control circuit to which the motor current 
detection value i is fed back. 

[0007] When the absolute value of a difference result- 
ing from the comparison is greater than a predeter- 
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mined permissiljle value AD. decision is made that the 
motor current detecting circuit 42 suffering a fault, 
whereupon a fail-safe processing is carried out. 
[0008] Further, as other known technique, there may 

5 be mentioned a control system which is implemented 
such that a desired motor current and a motor current 
detection value detected by a motor current detecting 
means are compared with each other even in the course 
of ordinary control, wherein when error between the 

10 desired value and the detection value mentioned above 
is equal to or greater than a predetermined value, deci- 
sion is made that abnormality occurs in the motor cur- 
rent detecting circuit, whereupon a;^a!i;^safe processing 
is carried out. 

15 [0009] However, the fault detecting method for the 
motor current detecting circuit known heretofore is car- 
ried out as an initial check immediately after the ignition 
key 14 is turned on. Consequently, when a fault occurs 
in the motor cunrent detecting circuit during the ordinary 

20 control, it is impossible to detect the fault, giving rise to 
a problem. 

[0010] Furthermore, with the fault detecting method 
described above as the prior art technique, it is impossi- 
ble to perform a normal motor current control during a 

25 period from a time point at which the fault occurred to a 
time point for carrying out the fail-safe processing, as a 
result of which an abnormal current ftaws through the 
motor during the above-mentioned period. 
[001 1 ] In particular, when such a fault occurs that the 

30 motor cun'ent detection value becomes zero, an over- 
current will then flow through the motor, which will result 
in generation of excessively large assist torque. On the 
other hand, when the fault detection period is set so 
short that influence of the excessively large assist 

35 torque can be neglected, then the possibility of errone- 
ous detection becomes higher, which is unpreferable 
from the view point of system performance. 
[0012] Accordingly, with the present invention, it is 
contemplated to make it possible to detect abnormality 

40 of the motor cun-ent during the ordinary control while 
evading flow of an abnormal current through the motor 
and additionally make it possible to continue the control 
of the motor output power even in the state where the 
motor current detecting circuit suffers a fault. 

45 

piftr,! IRF OF THE INVENTION 

[0013] AccorcJing to the present invention, an open 
loop control of the motor current is performed when the 
50 motor current detecting circuit suffers a fault, to thereby 
prevent an abnormal current from flowing through the 
motor even when the fault is taking place in the motor 
current detecting circuit. 

[0014] Furthermore, according to the present Inven- 
55 tion. the open loop control of the motor current is per- 
formed on the liasis of a desired value of the motor 
current and a resistance value of the motor to thereby 
prevent an abnormal cunrent from flowing through the 
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motor. 

[0015] Furthermore, according to the present inven- 
tion, a closed loop control Is performed by resorting to 
only a proportional term in the control system when the 
motor cun^ent detecting circuit suffers a fault, to thereby 
allow the motor to be driven while suppressing an 
excessively large current flow notwithstanding of occur- 
rence of the fault in the motor current detecting circuit. 
[0016] Furthermore, according to the present inven- 
tion, the motor is controlled through a voltage control 
when the motor current detecting circuit suffers a fault, 
to thereby allow the motor to be controlled while pre- 
venting an abnormal current from flowing through the 
motor notwithstanding of occurrence of the fault in the 
motor current detecting circuit. 

[001 7] Further, according to the present invention, it is 
taught that when the motor current resumes a normal 
value in the state in which the motor is controlled 
through a second control means for coping with the 
detected abnormality of the motor current, the motor is 
controlled through a first ordinary control means. Thus, 
even when the motor current abnormality is detected 
erroneously, degradation of steering comfortableness 
can be suppressed to a minimum. 
[001 8] Further, according to the present invention, the 
assist torque is gradually lowered by lowering progres- 
sively the motor current after the detection of a fault of 
the motor current detecting circuit, to thereby suppress 
a sudden change of the steering force. 
[0019] Furthermore, according to the present Inven- 
tion, the assist torque is gradually lowered by lowering 
progressively a voltage applied to the motor after the 
detection of a fault of the motor current detecting circuit, 
to thereby suppress a sudden change of the steering 
force. 

[0020] Further, according to the present invention, the 
system is stopped after the desired value of the motor 
current has been lowered in succession to the detection 
of a fault of the motor current detecting circuit, to 
thereby suppress a sudden change of the steering force 
upon stopping of the system. 

[0021] Furthermore, according to the present inven- 
tion, the system is stopped after the steering torque has 
been lowered In succession to detection of a fault of the 
motor current detecting circuit, to thereby suppress a 
sudden change of the steering force upon stopping of 
the system. 

[0022] Furthermore, according to the present inven- 
tion, it is taught that when the desired value of the volt- 
age applied to the motor becomes smaller than a 
predetermined value inclusive thereof in the course of 
the motor control through a second control process val- 
idated upon detection of abnormality, the power steer- 
ing control is stopped. Thus, it is possible to change 
over to a manual steering without bringing about a sud- 
den change of the steering force, whereby safety can be 
enhanced. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Figure 1 is a view showing a general arrange- 
ment of a motor-driven power steering control system 

5 according to the present invention, Fig. 2 is a block dia- 
gram showing a structure of a controller incorporated in 
the motor-driven power steering control system, Rg. 3 
is a flow chart for illustrating a control processing exe- 
cuted by a microcomputer incorporated in the controller, 

10 Fig. 4 is a block dragrarn iliustrating various operations 
of the microcomputer ih terms of functional means in 
case the microcomputer controls a motor current 
through a closed loop control process. Fig. 5 is a view 
showing current characteristics to be i'eferenced in 

15 determining a desired current value on the basis of a 
steering torque and a vehicle speed, Fig. 6 is a block 
diagram for illustrating a motor current control means 
shown in Fig. 4 in terms of a closed loop control scheme 
in which a proportional term and an integral term are 

20 employed. Fig. 7 is a block diagram for illustrating vari- 
ous operations of the microcomputer In terms of func- 
tional means in case the microcomputer controls a 
motor current through an open loop control process, 
Fig. 8 is a block diagram for illustrating a motor current 

25 control means in terms of an open loop control scheme. 
Fig. 9 is a flow chart for illustrating operation for detect- 
ing abnormality of a motor current, Fig. 10 is a block dia- 
gram for illustrating a motor current control means in 
terms of a closed loop control scheme in which only the 

30 proportional term is employed, Rg. 11 is a block dia- 
gram for illustrating various operations of the microcom- 
puter in terms of functional means in case the 
microcomputer controls a motor voltage through an 
open loop control process, Fig. 12 is a view showing 

35 voltage characteristics to be refererrced in determining 
a desired voltage value on the basis of a steering torque 
and a vehicle speed, Fig. 13 is a flow chart for illustrat- 
ing operation for detecting abnormality of the motor cur- 
rent according to a fourth implementation mode. Fig. 14 

40 is a timing chart for illustrating hunting phenomenon of 
the motor current which makes appearance upon occur- 
rence of a fault in the motor current detecting circuit. 
Fig. 1 5 is a timing chart illustrating states of various con- 
trol factors irq3utted upon steep steering operation, Fig. 

45 16 is a flow chart for illustrating power steering control 
operation according to a fifth implementation mode. Fig. 
17 is a block diagram for illustrating functionally control 
operation for gradually decreasing the motor current as 
executed by the microcomputer in the fifth implementa- 

50 tion mode, Fig. 18 is a timing chart Illustrating states of 
individual control factors inputted upon steep steering 
operation after detection of abnormality of the motor 
current in the fifth implementation mode, Fig. 19 is a 
flow chart for illustrating control operation according to a 

55 sixth implementation mode, Fig. 20 is a block diagram 
illustrating functionally control operation for gradually 
decreasing a motor voltage as executed by the micro- 
computer in the sixth implementation mode. Fig. 21 is a 
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timing chart illustrating states of various control factors sensor 7. 

as Inputted upon steep steering operation after detec- [0028] Next, operation of the microcomputer 26 will be 

tion of abnormality of the motor current in the sixth explained by reference to a flow chart shown in Fig. 3. 

implementation mode. Fig. 22 is a flow chart for illustrat- After starting the internal combustion engine, the relay 

ing power steering control operation according to a sev- 5 21 is closed with the clutch 9 being engaged in a step 

enth implementation mode. Fig. 23 is a timing chart 101. Thereafter, the steering torque detected by the 

illustrating states of various control factors as inputted torque sensor 3 is inputted in a step 102. and then a 

upon steep steering operation after detection of abnor- vehicle speed detected by the vehicle speed sensor 7 is 

mality of the motor current in the seventh implementa- inputted in a step 103. 

tion mode. Fig. 24 is a flow chart for illustrating power 10 [0029] In a step 104, the current caused to flow 

steering control operation according to an eighth imple- through the motor . 8 is determined on the basis of the 

mentation mode. Fig. 25 is a timing chart illustrating steering torque and the vehicle speed, while the motor 

states of various control factors as Inputted upon steep current is detected by the motor current detecting circuit 

steering operation after detection of abnormality of the 24 in a step 1 05 to thereby make decision as to whether 

motor current in the eighth implementation mode, and 15 or not the motor current suffers abnorniality in a step 

Fig. 26 is a view showing an arrangement of a conven- 106. When the decision results in absence of the abnor- 

tional motor-driven power steering control system. mality. the routine branches to a step 108 in response to 

the output "NO" of the step 107, and a first motor control 

BEST IMPLEMENTATION MODES FOR CARRYING processing Is executed in the step 108. On the other 

OUT THE INVENTION 20 hand, when occurrence of abnormality Is found in the 

step 106. the output of the step 107 is then "YES^ in 

Implementation Mode 1 response to which the routine branches to a step 109 

where a second motor control processing is executed. 

[0024] Flgur|vi,is a view showing a structure of a [0030] Figure 5 shows graphically relations among the 

motor-driven^ pfewejf steering control system according 25 steering torque, the vehicle speed and the motor current 

to an instant implementation mode. A steering wheel 1 in determining the motor current, wherein a curve VI 

is operatively coupled to a steering shaft 2 and con- represents a current characteristic in the stationary 

nected to a rack/pinion assembly 5 by way of a reduc- state of the motor vehicle. The desired motor current 

tion gear 4. The steering shaft 2 is provided with a value IMT is so set as to become lower as the vehicle 

torque sensor 3 for detecting a steering torque. Further, 30 speed increases from V2 Vn. 

an electric motor 8 for generating an assist torque is [0031] Next, the first motor control proofing in the 

operatively coupled to the reduction gear 4 by way of a step 1 08 will be described by reference to Figs. 4 and 6. 

clutch 9. Figure 4 is a block diagram illustrating the first motor 

[0025] The controller 10 is designed to perform a control processing executed by the microcomputer 26 in 

power steering control by controlling the motor 8 and 35 terms of hardware blocks. 

the clutch 9 on the basis of signals inputted from the [0032] In this block diagram, a desired current deter- 

torque sensor 3 and a vehicle speed sensor 7. mining means 41 is designed to detemiine the desired 

[0026] Parenthetically, the motor 8 and the clutch 9 motor current value IMT on the basis of the steering 

are operated with electric power supplied from a battery torque and the vehicle speed by reference to the char- 

1 1 , Additionally, front wheels 6 adapted to be steered by 40 acteristic diagram illustrated In Fig. 5. A motor current 

the steering wheel 1 are operatively connected to the control means 42 performs motor cun-ent control in 

rack/pinion assembly 5 through the medium of an accordance with the deviation or difference between the 

appropriate coupling mechanism. desired motor current value IMT and the motor current 

[0027] Next, description will be made of the controller detection value IMS detected by the motor current 

10 by reference to Fig. 2. The controller 10 includes a 4S delecting circuit 24 so that the motor current flowing to 

relay 21 for interrupting power supply to the motor 8. a the motor 8 may become the desired motor cun'ent 

relay driving circuit 22 for driving the relay 21, a motor value IMT. 

driving circuit 23 for driving the motor 8 with the power [0033] In the following, operation of the motor current 
supply from the battery 1 1 by way of the relay 21 . a control means 42 will be described in detail by reference 
motor current detecting circuit 24 for detecting a current so to a block diagram in Fig. 6. A proportional term unit 51 
flowing to and through the motor 8 by way of the motor is designed to perform a proportional operation for the 
driving circuit 23, a clutch driving circuit 25 for driving deviation AIM between the desired rtiotor current value 
the clutch 9. and a microcomputer 26 designed for con- IMT and the motor current detection value IMS, while an 
trolling the relay 21 . the motor 8 and the clutch 9 on the integral term unit 52 . performs an integral operation for 
basis of a motor current detection value outputted from ss the deviation AIM. Further, a motor driving .means 53 is 
the motor current detecting circuit 24, a torque detection designed to apply to the motor 8 a voltage in accord- 
value outputted from the torque sensor 3 and a vehicle ance with a sum VMT of the results of the arithmetic 
speed detection value outputted from the vehicle speed operations performed by the proportional term unit 51 
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and the integral term unit 52 to thereby drive the motor. 
[0034] Next, the second motor control processing will 
be described by reference to Fig. 7. Figure 7 is a block 
diagram showing in terms of hardware blocks the sec- 
ond motor control processing executed by the micro- 
computer 26 in which the motor current detection value 
IMS is not used. The second motor control processing Is 
an open loop control which differs from the first motor 
control processing shown in Fig. 4 in the respect that 
the input from the motor current detecting ctrcuK 24 is 
disable. 

[0035] The motor cun-ent control means 42 deter- 
mines a desired voltage MT by multiplying the desired 
motor current value IMT by a predetermined value Ra 
set at a constant setting unit 54. wherein the motor driv- 
ing means 53 drives the motor 8 in accordance with the 
desired voltage MX as can be seen in Fig. 8. 
[0036] At this juncture, it should be mentioned that the 
predetermined value Ra represents an impedance or 
resistance value of the motor 8. Thus, there can be real- 
ized such control that the desired current IMT can flow 
through the motor 8 by applying to the motor 8 the 
desired motor voltage VTM determined by multiplying 
the desired motor current value IMT by the resistance 
value Ra. 

[0037] Next, detection of abnormality of the motor cur- 
rent will be described by reference to Fig. 9. In a step 
121 , a difference a between the desired motor current 
value IMT and the motor current detection value IMS is 
determined, whereon decision is made in a step 122 as 
to whether or not the difference a is greater than a pre- 
determined value el . 

[0038] In a step 123, it is decided whether or not a 
time period during which the difference a remains 
greater than the predetermined value £1 continues 
longer than a predetermined time T1 inclusive. When 
the predetermined time T1 (which depends on a period 
during which the motor current detection value IMS is 
fed back) Is attained or exceeded, then occurrence of 
abnormality in the motor current is decided in a step 
124. 

[0039] By performing the motor current abnormality 
detection in the manner described above, abnormality 
of the motor current can be decided when the state 
where the difference a between the desired motor cur- 
rent value IMT and the motor current detection value 
IMS is greater than the predetermined value el has 
been continued for the predetermined time T1 . 
[0040] In the processing executed in the manner 
described above in accordance with the instant imple- 
mentation mode, it is presumed that the motor current 
assumes a normal value in the starting phase and thus 
the first motor control procedure is activated at first. In 
the first motor coptrol processing, the motor current is 
subjected to the feedback control processing by using 
the proportional term and the integral term for making 
the desired motor cun-ent value IMT and the motor cur- 
rent detection value IMS equal to each other. 
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[0041] Accordingly, in the step 121 in the motor cur- 
rent abnormality detection processing, the difference a 
becomes approximately zero, as a result of which the 
step 122 branches to "NO". Thus, abnormality of the 

5 motor current can not be determined. The step 107 
shown in Fig. 3 always branches to "NO", whereby the 
first motor control processing is executed repetitively. 
[0042] When abnormality occurs in the motor current 
detecting circuit 24 with the motor current detection 

10 value IMS exhibiting an abnormal value, the difference a 
makes appearance between the desired motor current 
value IMT and the motor current deteoton value IMS, 
which difference a can be detected in the step 121 
shown in Fig. 9. 

15 [0043] When the difference a makes appearance 
between the desired motor current value IMT and the 
motor current detection value IMS and when the differ- 
ence a continues to exist for the time period T1 , the 
motor 8 is then controlled by resorting to the second 

20 motor control processing tor thereby evading the influ- 
ence of the motor current detecting circuit 24. 
[0044] In particular, when such fault occurs that the 
output of the motor current detecting circuit 24 remains 
constantly zero, driving of the motor 8 under the control 

25 through the first motor control processing causes the 
deviation AIM of the motor current detection value IMS 
from the desired motor current value IMT to be con- 
stantly greater than zero. As a consequence, the inte- 
gral term increases gradually, incurring an excessively 

30 large current flowing through the motor 8. 

[0045] On the other hand, according to the second 
motor control processing, such a voltage value VMT 
that the motor current assumes the desired motor cur- 
rent value IMT determined by the desired current deter- 

35 mining means 41 is determined and applied to the • 
motor 8 by way of the motor driving means 53 for driving 
the motor 8 through the open loop control without using 
the motor current detection value IMS as the input for 
the closed loop control. 

40 [0046] Accordingly, although the second motor control 
processing is poor in respect to the control accuracy 
when compared with the first motor control processing, 
the motor 8 is protected against flow of excessively 
large current due to a fault of the motor current detect- 

45 ing circuit 24. In this way, generation of excessively 
large assist torque in the motor-driven power steering 
system can be suppressed, whereby safety of the steer- 
ing operation can be enhanced. 

50 Implementation Mode 2 

[0047] In the second motor control processing in the 
first inrplementation mode described above, the motor 
current detection value IMS is not used. The motor cur- 
55 rent control means 42 for the second control processing 
according to the instant implementation mode Is consti- 
tuted by eliminating the integral term unit 52 from the 
motor current control means 42 (Fig. 6) of the first motor 
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control means, as can be seen in the motor current con- 
trol means 42 shown in Fig. 10. 
[0048] The deviation AIM of the motor current detec- 
tion value IMS from the desired motor current value IMT 
is inputted to the proportional term unit 51 . 
[0049] By virtue of the arrangement described above, 
the motor current control Is performed by resorting to 
the first motor control processing in which the propor- 
tional term and the integral term are used when the 
motor current is normal, while upon occurrence of 
abnormality in the- motor current detection value, the 
motor current is controlled through the closed loop con- 
trol realized by the second motor control processing in 
which only the proportional term is used. 
[0050] In particular, when such fault takes place that 
the output of the motor current detecting circuit .24 
remains constantly zero, driving of the motor 8 under 
the control through the first motor control processing 
causes the deviation AIM of the motor cun-ent detection 
value IMS from the desired motor current value IMT to 
be constantly greater than zero. As a consequence, the 
Integral term increases gradually, tncun-lng an exces- 
sively large current flowing through the motor. 
[0051 ] On the other hand. In the second motor control 
processing according to the instant implementation 
mode, only the proportional term is effective. Accord- 
ingly, only the current which is proportional to the 
desired motor current value can flow through the motor 
without incurring flow of excessively large current. As a 
result of this, generation of excessively large assist 
torque in the motor-driven power steering system can 
be suppressed, whereby safety of the steering opera- 
tion can be enhanced. 

Imptemerrtatlon Mode 3 

[0052] In the case of the second motor control 
processing according to the first and second implemen- 
tation modes described above, the desired motor cur- 
rent value IMT is deteMned on the basis of the 
steering torque and the vehicle speed, whereon the 
desired motor voltage VTM to be ^plied to the motor 8 
is determined on the basis of the desired motor current 
value IMT 

[0053] In the case of the instant implementation mode, 
the second motor control processing is realized in such 
a manner as illustrated In Fig. 1 1 , wherein the desired 
motor voltage VTM to be applied to the motor 8 is deter- 
mined on the basis of the steering torque and the vehi- 
cle speed by means of a desired voltage determining 
means 61 . 

[0054] Figure 12 shows voltage characteristics indi- 
cating relations between the steering torque and the 
desired motor vottage VTM with the vehicle speed V 
being used as parameters. In Fig. 12. VI indicates volt- 
age characteristic representing a relation between the 
steering tort|ue and the desired motor voltage VTM in 
the stationary state of the motor vehicle, wherein the 
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desired vottage for the steering torque lowers character- 
istically as the vehicle speed increases to V2 Vn 

progressively. 

[0055] A motor voltage control means 62 shown in 
5 Fig. 1 1 is so designed as to apply to the motor 8 a volt- 
age on the basis of the desired motor voltage VTM 
determined by the desired voltage determining means 
61 from the vehicle speed and the steering torque. By 
realizing the second motor control processing in this 
10 manner, the motor current control is carried out through 
the closed loop control in which both the proportional 
term and the integral term are used when the motor cur- 
rent is normal, whereas when abnormality takes place 
in the motor current detection value, the control is car- 
ts ried out by applying to the motor 8 the desired motor 
voltage VTM determined on the basis of the steering 
torque and the vehicle speed. 

[0056] In particular, in the case of such a fault that the 
output of the motor current detecting circuit 24 remains 

20 constantly zero, driving of the motor 8 under the control 
through the first motor control processing causes the 
deviation AIM of the motor current detection value IMS 
from the desired motor current value IMT to be con- 
stantly greater than zero. As a consequence, the inte- 

25 gral term increases gradually incurring an excessively 
large current f towing through the motor. 
[0057] On the other hand, in the case of the second 
motor control processing, the motor 8 is driven regard- 
less of the motor current detection value. Thus, the 

30 excessively large current can not flow. As a. result of 
this, generation of excessively large assist torque in the 
motor-driven power steering system can be sup- 
pressed, whereby safety of the steering operation can 
be enhanced. 

35 [0058] Furthermore, by stopping the motor-driven 
power steering control when the desired motor voltage 
VTM of the motor 8 becomes equal to or lower than a 
predetermined value (e.g. zero volt) in the state in which 
the second motor control processing is being carried 

40 out, it is possible to continue the power steering control 
so long as the steering operation is performed (i.e.. so 
long as the voltage is applied to the motor 8) and stop 
the power steering at a time point when the steering 
force decreases with the voltage applied to the motor 8 

45 becoming lower correspondingly. Thus, the steering can 
be changed over to the manual steering without being 
accompanied with sudden change of the steering force, 
which thus assures improved safety of the steering 
operation. 

so 

Implementation Mode 4 

[0059] In the case of the first implementation mode 
described hereinbefore, occurrence of abnormality in 
55 the motor cun^ent detecting circuit 24 Is decided when 
the deviation of the motor cun-ent detection value IMS 
from the desired motor current value IMT continues to 
make appearance for a predetermined time period. By 
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contrast, in the case of the instant innplementation 
mode, the content of the nrK>tor current abnormality 
detection processing (the step 106 shown in Fig. 3) is 
modified from the first implementation mode in such a 
manner as illustrated in a flow chart shown in Fig. 13. 
[0060] Referring to the figure, it is decided in a step 
131 whether or not the desired motor current value IMT 
exceeds a predetermined value 11 . If so. then decision is 
made in a step 132 as to whether or not the motor cur- 
rent detection value IMS is smaller than a predeter-^ 
mined value 12. 

[0061] Since the predetermined value II is bet at a 
value greater than the predetermined value 12, output 
"YES" from both the steps 1 31 and 132 indicates that no 
motor cunrent flows even though the motor 8 is being 
driven. 

[0062] When the state such as mentioned above con- 
tinues for a predetermined time T1 , the output of a step 

133 is then "YES", whereon abnormality of the motor 
current due to a fault of e.g. the motor current detecting 
circuit 24 is decided. On the other hand, when the 
desired motor current value IMT is smaller than the pre- 
determined value t1 , the step 131 results in "NO". In that 
case, the routine now under consideration comes to an 
end. 

[0063] When the desired motor current value IMT is 
greater than the predetermined value 11 and when the 
motor current detection value IMS is approximately 
equal to the desired motor current value IMT. the step 
131 results in "YES" with the step 132 resulting in "NO". 
[0064] Unless abnormality of the motor current is 
decided in the step 134. the step 135 branches to "NO", 
whereon the routine now of concern comes to an end. 
Execution of the step 135 in succession to the determi- 
nation of abnormality of the motor current in the step 

134 results in "YES", whereon the motor current abnor- 
mality is cleared in a step 1 36. 

[0065] In other words, when the state in which the 
motor current detection value IMS is smaller than the 
predetermined value 12 which is set smaller than the 
predetermined value II continues for a predetermined 
time T1 when the motor 8 is driven with the current 
greater than the predetermined value M. then abnor- 
mality of the motor current is decided. However, when 
the motor current detection value IMS becomes greater 
than the predetermined value 12 in the succeeding rou- 
tine cycle after the abnormality of the motor current has 
been decided, then it can be decided that abnormality of 
the motor current has disappeared. 
[0066] Through the processing procedure described 
above, the motor current is controlled by the first motor 
control processing when the motor current is normal. 
On the other hand, in the case where such a fault 
occurs that the output of the motor current detection cir- 
cuit is constantly zero, abnormality of the motor current 
can be decided by the motor current abnormality detect- 
ing processing illustrated in the flow chart of Fig. 3. In 
that case, the motor control is performed by the second 



12 

motor control processing which can cope with abnor- 
mality of the motor current. 

[0067] However, when the output of the motor current 
detecting circuit 24 becomes greater than the predeter- 

5 mined value 12 in the state where the second motor con- 
trol processing is being carried out (i.e.. in the state 
where the motor current abnormality has been 
decided), the motor current abnormality is cleared in the 
step 136 shown in Fig. 13. Consequently, the first motor 

10 control processing is resumed, whereby the motor con- 
trol processing for the normal state is performed again. 
[0068] Referring to timing charts shown in Fig. 14(a) 
to (d). description will be made of operation of the 
motor-driven power steering system when the first 

IS motor control processing Is executed in the state where 
such a fault is taking place that the output of the motor 
current detecting circuit 24 is constantly zero. Shown in 
the figure at (a) is an output waveform of the torque sen- 
sor 3 when the steering wheel is manipulated clockwise. 

20 while shown in the same figure at (b) is a signal wave- 
form of the desired motor cun-ent value IMT. Further 
shown at (c) in the same figure is a signal waveform of 
the motor current detection value IMS with a signal 
waveform of the actual motor current being shown at (d) 

25 In the same figure. 

[0069] As the steering wheel 1 is steered in the clock- 
wise direction, the torque T increases gradually. When 
the steering torque increases beyond the torque Trql 
shown in Fig. 5, the desired motor current value IMT 

30 increases gradually. 

[0070] However, because the motor current detection 
value is constantly zero, an excessively large current 
will flow to the motor 8, as can be seen from the wave- 
form shown at (d) in the same figure, due to integral 

35 operation validated when the first motor control 
processing is executed. 

[0071 ] The excessively large current flowing through 
the motor 8 will result in generation of an excessively ^ 
large assist force, which is accompanied by lowering of 

40 the output level of the torque sensor. When the output 
value of the torque sensor 3 becomes smaller than the 
aforementioned torque Trq1, the desired motor current 
value IMT becomes zero, and thus the motor 8 stops. 
[0072] When the motor 8 stops, the assist torque is no 

45 more generated. Consequently, the steering torque 
increases again. In this way, when such fault occurs 
which makes the motor current detection value IMS 
constantly be zero, hunting phenomenon takes place in 
the level of the desired motor current value IMT. 

50 [0073] Under the circumstances that both the steps 
131 and 132 shown in Fig. 13 branch to 'YES", abnor- 
mal level fluctuations (i.e.. hunting) of the desired motor 
current value IMT takes place intermittently, as indi- 
cated at (3) in Fig, 14. Accordingly, in order to detect 

55 abnormality of the motor current at an earlier time point, 
it is necessary to set the predetermined time T1 in the 
step 133 shown in Fig. 13 shorter than the temporal 
duration of the hunting phenomenon 0 mentioned 
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above. 

[0074] On the other hand, there are shown in Fig. 1 5 
at (a) to (d) timing charts in case the steering wheel is 
steeply steered in the clockwise direction in the normal 
state. In the figure, change of the steering angle OH of 
the steering wheel is shown at (a) while change of the 
steering torque T is shown at (b) in the same figure. Fur- 
ther shown at (c) in the same figure is change of a rota- 
tion speed NM of the motor with waveform representing 
deviation or difference between the desired motor cur- 
rent value IMT and the motor current detection value 
IMS being shown at (d) in the same figure. 
[0075] When the steering wheel 1 is steered clockwise 
at a predetermined rotation speed, as shown at (a) in 
the same figure, the motor 8 rotates in conformance 
with the rotation speed of the steering wheel as illus- 
trated at (c) in the same f igure. As the motor 8 rotates, a 
voltage is generated in the motor 8 in the direction 
reverse to the motor current. As a result of this, the 
motor current becomes difficult to flow, whereby error or 
difference between the desired motor current value IMT 
and the motor current detection value IMS Increases, as 
is illustrated at (d) in the same figure, when the steering 
speed is high. 

[0076] When both the steps 131 and 132 shown in 
Fig. 13 result in "YES", there may prevail such state in 
which error or difference between the desired motor 
current value IMT and the motor current detection value 
IMS increases during the time period (g) shown in the 
figure (d). 

[0077] There is a possibility that the time (g) becomes 
longer than the hunting period ® shown at (b) in the 
same figure. Accordingly, when the predetermined time 
T1 shown at (b) in the step 133 is set shorter than the 
time (3) with a view to suppressing the hunting phenom- 
enon, then the motor current abnormality may be erro- 
neously detected when the steering wheel is 
manipulated steeply. 

[0078] However, in the case of the instant implemen- 
tation mode even when the motor current abnormality is 
erroneously detected upon steep steering to thereby 
validate the second motor control processing due to set- 
ting of the predetermined time T1 shorter than the time 
period (J) . the motor current detection value IMS is 
greater than the predetermined value 12 in the step 132 
upon steering operation of the steering wheel 1. 
whereby the first motor control processing can be 
resumed so long as the motor current detecting circuit 
24 is normal. 

[0079] To say in another way, when such fault occurs 
that the output of the motor current detecting circuit 24 
is constantly zero, it is possible to control the motor 8 
without giving rise to appearance of the hunting phe- 
nomenon of the motor current. Besides, in case the 
erroneous detection of the motor current detecting cir- 
cuit 24 occurs due to steep steering operation in the 
state in which the motor current detecting circuit 24 is 
normal, influence of such erroneous detection can be 
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suppressed to a possible minimum, whereby comforta- 
bleness of the driver in his or her steering operation can 
be protected against degradation. 

5 Implementation Mode 5 

[0080] In the case of the implementation modes 
described above, the voltage applied to the motor is so 
set that upon detection of abnormality the motor cur- 

10 rent, the second motor control processing is validated to 
thereby control the motor current so that the motor cur- 
rent assumes the current value determined by the 
desired cun^ent determining means 41 (see Fig. 7). 
[0081 ] In the case of the instant implementation mode, 

15 the second motor control processing is can-ied out in 
such a manner as illustrated in the flow chart of Fig. 16. 
When the motor control procedure is changed over tp 
the second motor control processing, processing for 
lowering the motor current gradually is executed in a 

20 Step 1 41 , which is then followed by a step 1 42 for decid- 
ing whether or riot the motor current is zero. If the motor 
current is zero, the relay 21 is opened with the clutch 9 
being disengaged in a step 143. 
[0082] Figure 17 is a block diagram for illustrating 

25 hardwarewise the second motor control processing 
according to the instant irnplementatiori mode. Refer- 
ring to the block diagram, the desired cun-ent determin- 
ing means 41 is comprised of a motor-current tatDle 
reading unit 71 for reading out from a motor current 

30 table the desired motor current value IMT preset on the 
basis of the relations between the steering torque and 
the vehicle speed shown in Fig. 5 and a multiplication 
unit 72 for multiplying the desired motor current value 
IMT as read out by a coefficient k to thereby output the 

35 actual desired motor current value IMT. 

[0083] Next, description will be directed to operation 
by refen-ing to timing charts shown in Fig. 18 at (a) to 
(e), respectively. Shown in the figure at (a) is change of 
numerical value of the coefficient k while shown at (b) in 

40 the same figure is change of the steering torque T. Fur- 
ther, change of the desired motor current value IMT in 
accompanying the numerical value change of the coef- 
ficient k is shown at (c) in the same figure, the driving 
state of the clutch 9 is shown at (d) and the driving state 

45 of the relay 21 is shown at (e). 

[0084] At a time point 0 shown at (a) in the same fig- 
ure, abnormality of the motor current is detected, 
whereupon the first motor control processing is 
changed over to the second motor control processing. 

50 In that case, the coefficient k is reduced gradually from 
"1 " to assume "0" at a time point (D . 
[0085] As a consequence, the diesired motor cunent 
value IMT decreases as the coefficient k decreases, 
whereby the motor current becomes smaller to thereby 

55 lower the assist torque generated by the motor 8, which 
leads to gradual increase of the steering torque. After 
the motor current becomes zero, the clutch 9 is disen- 
gaged with the relay 21 being opened to thereby stop 
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the motor-driven power steering. Thus, the steering 
operation is changed over to the manual steering mode. 
[0086] Owing to the processing procedure described 
above, the control can be continued without generating 
excessively large assist torque even when abnormality 
takes place in the motor current detecting circuit 24 as 
in the case of the first implementation mode. 
[0087] Furthermore, by lowering gradually the assist 
torque generated by the motor 8 during a period inter- 
vening between the detection of the current abnormality 
and the change-over to the manual steering mode, the 
manual steering can be effectuated without being 
accompanied by steep change of the assist torque, 
whereby the safety of the steering operation can be 
enhanced. 

Implementation Mode 6 

[0088] In the case of the inplementation mode 
described above, the voltage applied to the motor is so 
set that upon detection of the motor current, the second 
motor control processing is validated to thereby control 
the motor current so that the motor current assumes the 
current value determined by the desired current deter- 
mining nrieans 41 (see Fig. 7). 

[0089] According to the instant implementation mode, 
the second motor control processing is carried out in 
such a manner as illustrated in a flow chart of Fig. 19. 
When the motor control procedure is changed over to 
the second motor control processing, processing for 
lowering the motor voltage gradually is executed in a 
step 151, which is then followed by a step 1 52 for decid- 
ing whether or not the motor voltage is zero. If the motor 
voltage is zero, the relay 21 is opened with the clutch 9 
being disengaged in a step 143. 
[0090] Figure 20 is a block diagram for illustrating 
hardwarewise the second motor control processing 
according to the instant implementation mode. Refer- 
ring to the block diagram, the desired voltage determin- 
ing means 61 is comprised of a motor-voltage tat>le 
reading unit 71 for reading out from a motor voltage 
table the desired motor voltage value VMT preset on the 
basis of the relations between the steering torque and 
the vehicle speed illustrated in Fig. 12 and a multiplica- 
tion unit 82 for multiplying the desired motor voltage 
value VMT as read out by a coefficient k to thereby out- 
put an actual desired motor voltage value IMT 
[0091] Next, description will be directed to operation 
by referring to timing charts shown in Fig. 21 at (a) to 
(e), respectively. Shown in the figure at (a) is change of 
numerical value of the coefficient k while shown at (b) in 
the same figure is change of the steering torque T. Fur- 
ther, change of the desired motor voltage value VMT in 
accompanying the numerical value change of the coef- 
ficient k is shown at (c) in the same figure, the driving 
state of the clutch 9 is shown at (d) in the same figure 
and the driving state of the relay 21 is shown at (e) in tiie 
same figure. 



[0092] At a time point ® shown at (a) in the same fig- 
ure, abnormality of the motor voltage = is detected, 
whereupon the first motor control processing is 
changed over to the second motor control processing. 

5 In that case, the coefficient k is decreased gradually 
from "1 " to assume "0" at a time point 0 . 
[0093] As a consequence, tiie desired motor voltage 
value VMT decreases as the coefficient k decreases, 
whereby the desired motor voltage value VTM becomes 

10 smaller to thereby lower the assist torque generated by 
the motor 8, which leads to gradual increase of tiie 
steering torque. After the desired motor voltage value 
VMT becomes zero, the clutch 9 is disengaged with the 
relay 21 being opened to thereby stop the motor-driven 

IS power steering. Thus, the steering operation is changed 
over to the manual steering mode. 
[0094] Owing to tiie processing procedure described 
above, the control can be continued without generating 
excessively large assist torque even when abnormality 

20 takes place in the motor voltage detecting circuit 24 as 
in the case of the first implementation mode. 
[0095] Further, by lowering gradually the assist torque 
generated by the motor 8 during a period intervening 
between the detection of the current abnormality and 

25 the change-over to the manual steering mode, the man- 
ual steering can be effectuated without being accompa- 
nied by steep change of the assist torque, whereby 
safety of the steering operation can be enhanced. 

30 Implementation Mode 7 

[0096] In the case of the instant implementation mode, 
the second motor control processing is modified in such 
a manner as illusti^ated in the flow chart shown in Fig. 

35 22. In a step 161 in the flow chat of Fig. 22, decision is 
made whether or not the desired motor current value 
IMT determined in the step 104 is smaller than a prede- 
termined value ITH (e.g. zero ampere) inclusive. If it is 
equal to or smaller than the predetermined value ITHi 

40 the relay 21 is opened with the clutch 9 being disen- 
gaged in the step 143 to terminate the power steering 
control. 

[0097] On the otiier hand, when it is decided in the 
step 161 that the desired motor current value IMT is 

45 greater than the predetermined value ITH, the process- 
ing starting from the step 102 is executed repetitively. 
[0098] Next, description will turn to the operation of 
the system according to the instant implementation 
mode by referring to timing charts shown in Fig. 23 at 

50 (a) to (d). In the figure, change of tiie steering torque T 
is shown at (a), change of the desired motor current 
value IMT is shown at (b). driving of the clutch is shown 
at (c) and driving of the relay is shown at (d). When the 
motor current abnormality is detected at a time point 0 

55 shown at (a) in the figure, the control procedure Is 
changed over to the second motor control processing. 
[0099] By executing the second motor control 
processing as illusti-ated ih the flow chart in Fig. 24, the 
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power steering control can be continued through the 
second motor control processing even when the motor 
current abnormality is detected in the course of steering 
operation (time point 0 ). 

[0100] When the steering force becomes lower, the s 
relay 21 is opened with the clutch 9 disengaged at the 
time point 0 at which the motor current becomes zero, 
to thereby terminate the power steering control. 
[0101 ] By virtue of the arrangement described above, 
the motor 8 can be controlled without generating exces- io 
sively targe assist torque notwithstanding of occurrence 
of the motor current abnormality, as in the case of the 
first implementation mode. Furthermore, since change- 
over to the manual steering is enabled by deenergizing 
the relay 9 and decoupling the clutch 21 in the state rs 
where no assist torque is generated by the motor 8, it is 
possible to change over the power steering to the man- 
ual steering safely without incurring any steep change 
of the assist torque. 

20 

Implementation Mode 8 

[01 02] In the case of the instant implementation rrKxIe, 
the second motor control processing Is modified in such 
a manner as illustrated in the flow chart shown in Fig. 25 
24. In a step 171 shown in the flow chat decision is 
made whether or not the steering torque detected in the 
step 102 is smaller than a predetermined value TTH 
(e.g. 1 N • m) inclusive. 

[01 03] If the steering torque is equal to or smaller than 30 
the predetermined value TTH, the relay 21 is opened 
with the clutch 9 being disengaged in the step 143 to 
thereby terminate the power steering control. On the 
other hand, when it is decided in the step 1 71 that the 
steering torque is greater than the predetermined value 35 
TTH, the processing starting from the step 102 is exe- 
cuted repetitively. 

[0104] Next, description will turn to the second motor 
control processing according to the instant implementa- 
tion mode by referring to timing charts shown in Fig. 25 40 
at (a) to (d). In the figure, change of the steering torque 
T is shown at (a), change of the desired motor current 
value IMT is shown at (b), driving of the clutch is shown 
at (c) and driving of the relay is shown at (d) in the same 
figure. 45 
[0105] The motor current abnormality is detected at a 
time point 0 shown at (a) in the figure, whereon the 
control procedure is changed over to the second motor 
control processing. By executing the second motor con- 
trol processing as shown in Fig. 24, the power steering so 
control can be continued by executing the second motor 
control processing even when the motor current abnor- 
mality is detected in the course of steering operation (at 
a timing (3) ). When the steering force becomes lower, 
the relay 21 is opened with the clutch 9 being disen- 55 
gaged at a timing 0 at which the steering torque is not 
greater than the predetermined value TTH. to thereby 
stop the power steering corrtrol. 
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[0106] By virtue of the processing described above, 
the motor can be controlled without generating exces- 
sive assist torque notwithstanding of occurrence of the 
motor current abnormality, as in the case of the first 
implementation mode. Besides, since change-over to 
the manual steering is enabled by deenergizing the 
relay 21 and disengaging the clutch 9 in the state where 
the steering torque is sufficiently small, it is possible to 
change over the power steering to the manual steering 
safely without incurring any steep change of the assist 
torque. 

INDUSTRIAL APPLICABILITY 

[0107] As is apparent from the foregoing description, 
in the motor-driven power steering control system 
according to the present invention, detection of the 
abnormality of the motor current detecting circuit is con- 
stantly carried out in the power steering control mode, 
wherein the control of the motor for the power steering 
control can be validated even in the state where the 
motor current detecting circuit suffers abnormality while 
change-over to the manual steering can be realized 
safely after detection of the abnormality without incur- 
ring rapid change of the steering force. Thus, safety of 
the motor-driven power steering control system can be 
enhanced. 

Claims 

1. A motor-driven power steering control system, 
characterized in that said system comprises 
desired current determining means for determining 
previously a desired value of a current to be sup- 
plied to a motor, motor current detecting means for 
detecting said motor current, motor current control 
means having a first control process for controlling 
a motor current to be supplied to said motor through 
a closed loop control in accordance with said 
desired value and said detected motor current and 
a second control process for controlling the motor 
current to be supplied to said motor through an 
open loop control in accordance with said desired 
value, and abnormality detecting means for making 
decision whether or not said detected motor current 
suffers abnormality to thereby change over the con- 
trol of said motor current to said second control 
process upon decision of abnormality. 

2. A motor-driven power steering control system set 
forth in claim 1 , characterized in that said motor cur- 
rent control means performs open loop control of 
the motor current through second control process 
on the basis of a resistance value of the motor and 
the desired value of the motor current. 

3. A rnotor-driven power steering control system, 
characterized in that said system comprises 
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desired current determining means for determining 
previously a desired value of a current to be sup- 
plied to a motor, motor cun'ent detecting means for 
detecting said motor current, motor current control 
means having a first control process for performing 
a dosed loop control of the motor current to be sup- 
plied to said motor by using at least a proportional 
term and an integral term of the control process on 
the basis of said detected motor current and said 
desired value and a second control process for per- 
forming a closed loop control by using said propor- 
tional term on the basis of said detected motor 
current and said desired value, and abnormality 
detecting means for making decision whether or not 
said detected motor current suffers abnormality, to 
thereby change over the control of said motor cur- 
rent to said second control process upon decision 
of abnormality. 

4. A motor-driven power steering control system, 
characterized in that said system comprises 
desired current determining means for determining 
previously a desired value of a current to be sup- 
plied to a motor, motor current detecting means for 
detecting said motor current, desired voltage deter- 
mining means for determining a desired value of an 
application voltage to be applied to said motor, 
motor current control means having a first control 
process for performing a closed loop control of a 
motor current to be supplied to said motor in 
accordance with a desired value of the current to be 
supplied to said motor and said detected motor cur- 
rent and a second control process for controlling 
the voltage applied to the motor on the basis of the 
desired value of said application voltage, and 
abnormality detecting means for making decision 
whether or not said detected motor current suffers 
abnormality, to thereby change over the control of 
said motor current to saki second control process 
upon decision of abnormality. 

5. A motor-driven power steering control system set 
forth in any one of claims 1 , 3 and 4, characterized 
in that when the abnormality detecting means 
decides normality of the motor current in the course 
of the motor control through the second control 
process, the motor is then controlled through the 
first control process. 

6. A motor-driven power steering control system set 
forth In claim 1 or 3, characterized In that said sys- 
tem comprises control means for stopping power 
steering control when the motor current, becomes 
lower than a predetermined value inclusive by 
decreasing gradually the desired value of the motor 
current in the course of the motor control through 
the second control process validated upon detec- 
tion of abnormality by the abnormality detecting 



means. 

7. A motor-driven power steering control system set 
forth in claim 4, characterized in that said system 

5 comprises control means for stopping power steer- 
ing control when the applied voltage becomes lower 
than a predetermined value inclusive by decreasing 
gradually a voltage applied to the motor In the 
course of the motor control through the second con- 
to trol process validated upon detection of abnormality 
by the abnormality detecting means. 

8. A motor-driven power steering control system set 
forth in claim 1 or 3, characterized in that said sys- 

15 tern comprises control means for stopping power 
steering control when the motor current becomes 
lower than a predetermined value inclusive in the 
course of the motor control through the second con- 
trol process validated upon detection of abnormality 

20 by the abnormality detecting means. 

9. A motor-driven power steering control system set 
forth in any one of claims 1 , 3 and 4, characterized 
in that said system comprises control means for 

25 stopping power steering control when a steering 
torque becomes lower than a predetermined value 
inclusive in the course of the motor control through 
the second control process validated upon detec- 
tion of abnormality by the abnormality detecting 

30 means. 

10. A motor-driven power steering control system set 
forth in any one of claims 1 to 9, characterized in 
that said abnormality detecting means decides 

35 abnormality of the motor current when a time period 
for which a deviation between the desired motor 
current value and the motor current detection value 
is equal to or exceeds a predetermined value has 
continued longer than a predetermined time. 

40 

11. A motor-driven power steering control system set 
forth in claim 4, characterized in that said system 
comprises control means for stopping power steer- 
ing control when a desired value of the voltage 

45 applied to the motor becomes lower than a prede- 
termined value inclusive in the course of the motor 
control through the second control process vali- 
dated upon detection of abnormality by the abnor- 
mality detecting means. 

50 
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